This annual review provides the projected dose estimates of radionuclide inventories 
experimental results of saturated leaching tests, as well as unsaturated diffusion tests, concrete encasement of waste disposed at Hanford Site solid waste burial grounds under unsaturated and atmospheric (carbonated) conditions will provide a significant delay in radionuclide release into the subsurface.
Continued groundwater monitoring of the 200 West Area LLBGs indicates no groundwater contamination due to LLBG waste. Current assumptions about future land use at the Hanford Site are consistent with PA analysis 1 assumptions of a post-closure facility that will not be degraded by human activity. The LLBGs are located in an area identified for waste management and containment of residual contamination (DOE/EIS-0391 6 ). Overall, there are no substantive changes to primary PA assumptions and no changes to the PA analysis conclusion; therefore, compliance with DOE O 435.1 Chg 1 is being maintained. 
Cumulative Effects of Changes
In accordance with DOE M 435.1-1 Chg 1, Radioactive Waste Management Manual, the purpose of this chapter is to identify any cumulative effects of changes in facility operations, waste receipts, waste form behavior, monitoring data, research and development (R&D) data, or land-use decisions during the reporting period that have affected PA assumptions and conclusions. If such changes exist, potential impacts are assessed, and recommended changes that are needed to address the impact of the reported changes are identified.
Chapter 1 outlines that no changes have occurred to cause substantive changes in disposal facility operations, disposal facility performance, and PA assumptions or results (Table 1) , therefore resulting in no additional cumulative effects.
Appendix A provides the history of the maintenance for this PA since its approval. 
Waste Receipts
This chapter includes the following sections:
 Facility overview (Section 3.1)
 Description of disposed inventory (Section 3.2)  Summary of groundwater and inadvertent intruder dose estimates associated with disposed inventory (Section 3.3)
 Evaluation of compliance with other performance objectives (Section 3.4)
 Statement of progress towards satisfying PA conditional approval requirements (Section 3.5)
 Summary statement of conclusions about compliance with performance objectives (Section 3.6) Table 2 presents a summary of the compiled waste receipts and shows that no additional changes are outlined to continue the adequacy of the PA. . 
218-W-5 Buria l Ground

Disposed Inventory Description
During this reporting period (FY 2017 , from October 1, 2016 , through September 30, 2017 , waste was disposed in Trenches 31 and 34 of the 218-W-5 LLBG.
Performance-sensitive radionuclides disposed during this review period are summarized in Table 3 for uranium isotopes and in Table 4 for mobile radionuclides. Both are reported in this manner to support evaluation of the all-pathways performance objective, wherein waste acceptance criteria are defined for mobile radionuclides as specific inventory limits.
Projected Dose Estimates from the Disposed Waste to Evaluate Compliance with DOE O 435.1 Chg 1
Among the performance objectives defined in DOE M 435.1-1 Chg 1, the primary objective is the all-pathways dose limit of 25 mrem/yr to an individual residing 100 m (328 ft) downgradient of the disposal facility. In the PA analysis (WHC-EP-0645), a multiple-exposure pathway agriculture scenario was used to generate dose estimates that were compared to the 25 mrem/yr limit. A single exposure groundwater consumption pathway was compared to a 4 mrem/yr drinking water limit. For all radionuclides (except chlorine-36), the dose calculations showed higher doses with respect to the 4 mrem/yr drinking water limit for the same inventory, making the drinking water limit more stringent; therefore, the drinking water dose results are presented in this report. Collective dose estimates for uranium and the combined inventories of mobile radionuclides are provided in Section 3.3.1 for comparison with the 25 mrem/yr all-pathways limit and the 4 mrem/yr drinking water limit. The analyses also show that waste acceptance criteria in HNF-EP-0063, Hanford Site Solid Waste Acceptance Criteria, are satisfied; consequently, no special analyses or reviews were needed. For the all-pathways performance objective, waste acceptance criteria are defined for mobile radionuclides as specific inventory limits. These limits correspond to the inventory that is estimated to provide the maximum allowable dose when leached from the facility and transported to a 100 m (328 ft) downgradient well. The limits are expressed indirectly in the LLBG waste acceptance criteria (Table A The next most significant compliance requirement in DOE M 435.1-1 Chg 1 is the inadvertent intruder limit. A dose limit of 100 mrem/yr from chronic exposure or 500 mrem/yr from acute exposure was defined for an inadvertent intruder who might be exposed to waste in the disposal facility. In the PA analysis, it was shown that the 100 mrem/yr chronic dose limit was the more limiting alternative (WHC-EP-0645). Therefore, the chronic exposure standard was adopted for comparing dose results and establishing waste acceptance criteria. These criteria are quantified in the LLBG waste acceptance criteria (Table A -2 in HNF-EP-0063) as radionuclide-specific concentration limits (Ci/m 3 ) for two categories of waste (Category 1 and Category 3) and are compared against the average values for the disposed waste in a given trench. The waste acceptance criteria also specify that Category 3 waste, which contains radionuclides at higher concentrations, must be grouted or placed in high-integrity containers or equivalent. The trench-by-trench breakdown was not provided in the PA, but a total burial ground dose was provided in which radionuclide concentrations were calculated based on total burial ground inventory and total waste volume disposed. Tables 5 and 6 are summarized and explained in the following sections for each of the primary criteria. The dose estimates assume that Category 3 conditions will ultimately be the end-state condition (e.g., a final burial ground cap is placed over the disposal trenches to create a 5 m [16.4 ft] layer over waste and limit infiltration to no more than 0.5 cm/yr [0.2 in./yr]). Waste disposal configurations that have enhanced isolation from the hydrogeologic environment (primarily placement in high-integrity containers or equivalent) have also been incorporated into the calculations. . The concept is that in lieu of direct characterization information, the unknown mobile radionuclide inventory can be conservatively estimated by assuming that reactor production ratios are maintained in waste.
Dose estimates from the inventory listed in
c. Estimated total dose is the sum of uranium dose, reported mobile radionuclide dose, and estimated radionuclide dose.
FY = fiscal year
Groundwater Dose Estimates
In the PA analysis, a methodology was developed to evaluate groundwater dose for any size disposal facility of interest within the boundaries of the collective burial grounds (Section 3.2.3.1 in WHC-EP-0645). An assumption was made that any trench or set of trenches could be divided into a series of waste volume slices parallel to groundwater flow. Dose estimates from the waste configuration of interest were then derived from an average slice evaluation. This approach was taken to facilitate evaluating future changes in disposal facility size that cannot be predicted. All aspects of the disposal configuration continue to be represented adequately with this representation. In addition to the burial ground dose estimates used to evaluate compliance with DOE O 435.1 Chg 1, the methodology has been used to evaluate doses on a trench-by-trench basis in the 200 West Area LLBGs as an aid to the routine day-to-day waste acceptance process. Section 3.2.1.2 provides the results.
Burial Ground Drinking Water Dose Estimates
When calculating contaminant release and transport, it is necessary to make numerous averaging and simplifying assumptions because much of the environmental heterogeneity that is present cannot be characterized or modeled realistically. To calculate the groundwater drinking or all-pathways dose, a simplifying assumption of uniform radionuclide distribution across the disposal facility axis perpendicular to the general direction of groundwater flow was made, although it is acknowledged that specific waste volumes with much higher contaminant concentrations exist. September 26, 1988 , are sufficiently sturdy to delay contact of infiltrating water with radionuclides through the operational period, so minimal release is expected before placement of the final cover several decades from now. This is particularly the case with Category 3 waste that is placed in sealed or grouted concrete boxes and contains the majority of the PA-sensitive inventory. In the composite analysis for the Hanford Site (PNNL-11800), a sensitivity case was considered in which an enhanced recharge rate of 7.5 cm/yr (3 in./yr) through the LLBGs was assumed during the operating period (approximately 40 years), followed by infiltration rates controlled by a final cover (0.5 cm/yr [0.2 in./yr]). It was concluded that the brief period of increased infiltration did not have a significant effect on estimated downstream groundwater concentrations and, therefore, the dose estimates.
I I
In Table 5 , the drinking water dose estimates are divided into two different periods and by major contributors (uranium isotopes versus other mobile radionuclides). The two different periods distinguish between inventory disposed from facility inception (September 27, 1988) . Summing the dose estimates from these two periods yields the total dose estimates that are reported in Table 5 .
The total dose for each burial ground group, when compared to a 4 mrem/yr limit, shows that compliance with the performance goal has been maintained.
Dose estimates for the less-stringent all-pathways scenario (not reported) show the same trends as the groundwater drinking scenario; in both cases, the total estimates fall below performance objective values of 4 mrem/yr and 25 mrem/yr, respectively. Table 5 shows the drinking water doses for comparison to the 4 mrem/yr limit.
Trench-by-Trench Dose Calculations for the 200 West Area Low-Level Burial Grounds
Dose estimates are also divided by trench for the 200 West Area LLBGs, with the goal of preventing potential dose estimates in excess of the 4 mrem/yr limit for any trench. The trench-by-trench calculations are completed as part of the waste acceptance process. The calculations are not a part of compliance demonstration, but they are a means of ensuring that day-to-day waste disposal will not cause a cumulative disposal that exceeds the overall LLBG limit. This strategy works because dose calculations are proportional to inventory distribution assumptions and become larger as the assumed inventory distribution becomes more restrictive (e.g., when the trench-by-trench analysis is performed, rather than all trenches considered as one large unit). Table 6 summarizes the trench-by-trench groundwater dose projections. The dose calculation methodology is identical to the whole burial ground calculations discussed previously, except the trench-specific waste inventories, waste volumes, and waste areas are considered one trench at a time. Doses are provided for each trench for the two periods that include all disposed waste, and a total dose is also provided. Uranium doses are provided separately from other mobile radionuclides.
All trenches have projected dose estimates that fall below the 4 mrem/yr goal, and most of the trenches are full. Overall, the LLBG groundwater-related dose estimates are dominated by uranium, technetium-99, and carbon-14.
Inadvertent Intruder Dose Estimates
Compliance with the inadvertent intruder waste acceptance limits is determined by comparing projected intruder dose from a trench waste volume and inventory with a 100 mrem/yr chronic dose limit. Occasionally, individual waste packages are received that approach or exceed the Category 3 limits. In these cases, written justification for alternative waste concentration averaging is provided to the waste disposal organization by the PA contact. The likelihood that an inadvertent intruder would exhume the particular package with the high-concentration inventory is considered very small; therefore, averaging based on trench volume is a reasonable approach to compliance evaluation. As with the groundwater dose evaluation, the Category 3 conditions are assumed to exist in the post-closure period. Separate periods are not considered for these estimates because the calculated doses apply to cumulative inventories and waste volumes.
In Table 7 , trench volumes, activities of the largest contributors, and dose fractions for the inadvertent intruder dose estimates are provided. Dose estimates are 100 times the sum of fractions dose. In most trenches, dose estimates are less than 1 mrem/yr, which are far below the 100 mrem/yr limit. Where uranium is present in significant quantities, it usually provides the largest projected dose. The clearest examples of uranium waste influence on the intruder dose estimate are found in Trench 8 (218-W-3AE Burial Ground), Trench 14 (218-W-4C Burial Ground), and Trench 34 (218-W-5 Burial Ground). Otherwise, cesium-137 and/or strontium-90 provide the largest dose.
The projected total burial ground inadvertent intruder dose provided in Table 7 is consistent with the doses provided in the PA analysis (WHC-EP-0645) and are similar to individual trench dose estimates. On this scale of waste-volume averaging, the estimated doses for each burial ground are well below the compliance limit.
Other Performance Objectives
Two other limits were considered in the PA analysis: the air emissions dose limit (10 mrem/yr), and the radon flux limit (20 pCi/m 2 /s) (WHC-EP-0645). Table 8 provides the estimated doses for comparison to these two limits, as well as a summary of the groundwater contamination and inadvertent intruder doses. In the PA analysis, the potential sources of air contamination were concluded to be carbon-14 and tritium. Given the limited inventory of carbon-14, the decay of tritium, and the partitioning of both elements between liquid and gas, it was shown that dose estimates would be very small (Section 4.3.1 of WHC-EP-0645). In the case of a Category 3 closure condition assumption (exposure at 500 years), it was concluded that the conditions needed for carbon-14 to provide an atmospheric dose (e.g., delayed beyond 100 years followed by complete and instantaneous release) were unrealistic, and hydrogen-3 (tritium) would have decayed to trivial amounts. Therefore, no dose from an atmospheric release was projected. Negligible increases in estimated radon flux were calculated from parent isotopes of uranium disposed in this reporting period. All increases in dose and flux during this reporting period are negligible with respect to those reported for the previous reporting period.
Other criteria in the LLBG waste acceptance criteria (HNF-EP-0063) address disposal in a physically stable configuration with minimal void space, minimal gas emission, and elimination of pyrophoric characteristics. These criteria are also used to minimize long-term subsidence. These requirements are being administered by LLBG operations and typically involve solidification or void-fill processes. As necessary, waste packages are grouted or placed in concrete boxes that are high-integrity containers or equivalent. Surveillance for local subsidence is performed routinely by LLBG staff, and any cavities that form are filled in with dirt or grout. 
Conditional Approval Requirements
All conditional approval requirements have been completed (Scott, 2001 , "Disposal Authorization for the Hanford Site Low-Level Waste Disposal Facilities -Revision 2").
Conclusions
This review concludes that as of September 30, 2017, disposal practices and waste inventories disposed in the active LLBGs comply with performance objectives. The current waste disposal procedures and waste management practices are sufficient to maintain compliance with the performance objectives. None of the information presented in this report indicates that the PA must be changed to demonstrate compliance with DOE O 435.1 Chg 1. However, information collected across the Hanford Site on key assumptions affecting performance estimates (e.g., engineered barrier control of infiltration, and rates and sorption of key radionuclides) over the past two decades suggests some substantially conservative assumptions in the currently approved version of the PA analysis (WHC-EP-0645). Thus, improved facility performance is expected.
Monitoring
Monitoring of water and air for contaminants (both radiological and chemical) is an ongoing program across the Hanford Site. In certain locations, vadose zone characterization is also being conducted, primarily at remediation sites and soil columns contaminated by tank leaks. The groundwater monitoring program maintains a real-time database that is updated as well samples are collected and analyzed. Data from these sources are summarized in the following subsections: LLWMA-3 (Section 4.1) and LLWMA-4 (Section 4.2). The reporting period for the groundwater monitoring program is by CY, so the following information reported by LLWMA is for CY 2016, representing the latest available information for purposes of this FY 2017 annual summary report. Tables 9 and 10 summarize the compliance monitoring and performance monitoring evaluatoion. 
Low-Level Waste Management Area 3
Groundwater monitoring of the well network at LLWMA-3 ( 
Figure 5. Groundwater Monitoring Well Locations at LLWMA-3
During the reporting period, all wells were sampled as scheduled for indicator parameters (pH, specific conductance, total organic carbon (TOC), and total organic halides [TOX]) (DOE/RL-2016-67, Appendix B, Iodine-129, technetium-99, uranium, and tritium were monitored semiannually in the upgradient and three downgradient RCRA monitoring wells. The maximum concentration for iodine-129 (0.24 pCi/L) was detected in the September sample in upgradient well 299-W9-2 ( Figure 9 ). Technetium-99 was detected in the upgradient as well as all three downgradient wells; the maximum concentration was 21.5 pCi/L in the September sample for the downgradient well 299-W10-31 ( Figure 9 ). Uranium was detected at low levels in all wells, with a maximum concentration of 6.50 μg/L at well 299-W10-31 in March.
The maximum concentration for tritium was 284 pCi/L for well 299-W10-29 in September. All radionuclides were measured below their respective maximum contaminant levels. The observed low levels for AEA radionuclides is consistent with those reported previously in DOE/RL-2016-09, Hanford Site Groundwater Monitoring Report for 2015, and do not indicate contamination from LLWMA-3.
Low-Level Waste Management Area 4
Groundwater monitoring of the well network at LLWMA-4 (Figure 6) As with other LLWMAs, DOE monitors for AEA radionuclides (DOE/RL-2000-72) . However, the 2016 monitoring results for AEA radionuclides were not reported in DOE/RL-2016-67. As with LLWMA-3, the following information for the AEA radionuclides is based on the DOE Environmental Dashboard Application.
Unlike LLWMA-3, extensive monitoring data for all AEA radionuclides are not available for LLWMA-4. Iodine-129, technetium-99, tritium, and uranium were detected at very low levels for the semiannual July sampling event for upgradient well 299-W17-1 (Figure 6 ). The technetium-99 concentration in the upgradient well 299-W17-1 was 8.21 pCi/L for the July sample. For downgradient well 299-W18-40 (Figure 6 ), the technetium-99 concentration was 133 pCi/L for the January sample. The observed low level for technetium-99 is consistent with those reported earlier in DOE/RL-2016-09 and do not indicate contamination from LLWMA-4.
Research and Development
In FY 2015, experiments were initiated to evaluate the effect of carbonation depth on contaminant migration. For these tests, concrete monoliths were carbonated by soaking them in heavily saturated sodium bicarbonate solutions for varying lengths of time. In FY 2016, petrographic and cracking analyses of the 6-month cores were completed to determine the actual carbonation depths and extents of macrocracking and microcracking. At the time of writing the FY 2016 year-end project report (Golovich and Parker, 2016, Radionuclide Migration through Concrete) , the half-cell experiments for the 9-month carbonation period were not complete. Discussion of diffusion results from the carbonation half-cell experiments was deferred to FY 2017 to include diffusion results for all carbonation periods in this report. The measurements were compared to the petrographic analysis of the one-week and 3-month cores performed in FY 2015. Compressive strength measurements were also performed.
At the end of each carbonation period (one week, 3 months, 6 months, and 9 months), sediment-concrete half-cells were prepared with unsaturated sediment spiked with technetium, iodine, uranium, chromium, bromide, and nitrate to evaluate the bulk diffusion coefficient in the concrete. Diffusion of various species was quantified by sampling the half-cells and measuring respective concentrations in water extracts using inductively coupled plasma/mass spectrometry and optical emission spectroscopy.
The results of R&D work are summarized in Table 11 . No apparent trend was observed for calculated iodine diffusivities and the carbonated times. For technetium diffusivities, other than minor reduction due to iron content, no apparent trend was observed. These results will eventually be incorporated into an updated PA. In the meantime, this work provides additional context regarding uncertainty in the existing PA calculations. 
Planned or Contemplated Changes
In accordance with DOE M 435.1-1 Chg 1, the purpose of this chapter is to identify any changes in facility operations, waste receipts, waste form behavior, monitoring data, R&D data, or land-use decisions during the reporting period that have affected PA assumptions and conclusions. If such changes exist, potential impacts are to be assessed, and recommended changes that are needed to address the impact of the reported changes are to be identified.
For this reporting period (FY 2017) , no changes have occurred to cause substantive changes in disposal facility operations, disposal facility performance, and PA assumptions or results. Table 12 summarizes the planned or contemplated changes. 
Certification of the Continued Adequacy of the Performance Assessment
Chapter 1 of this annual summary report outlines that no changes have occurred to cause substantive changes in disposal facility operations, disposal facility performance, and PA assumptions or results (Table 1) , resulting in no additional cumulative effects. In summary, the information reviewed in this annual summary report resulted in no change to the PA or the disposal authorization statement for 218-W-5 Burial Ground Trenches 31 and 34. All trenches in the 218-W-5, 218-W-3A, 218-W-3AE, and 218-W-4C Burial Grounds are closed, except for Trenches 31 and 34 in the 218-W-5 Burial Ground. This annual review of the 200 West Area PA analysis is the latest in a series of annual reviews prepared and issued since 1997 (Table A-1) to maintain these PAs. In accordance with U.S. Department of Energy guidance (DOE M 435.1-1 Chg 1), the primary function of this review is to evaluate the continued compliance of disposal actions during the previous year with the performance objectives and continued relevance of critical PA assumptions. A discussion of supporting research and development and monitoring results relevant to the PA analysis and disposal facility performance is also required. 
